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1. INTRODUCTION 
We have described a dissociated turnover of ter- 
minal carbohydrates and protein component of a 
110 000 M, glycoprotein isolated from rat liver 
plasma membrane: fucose, N-acetylneuraminic 
acid and galactose turn over several times on the 
intact polypeptide [l], whereas mannose and N- 
acetylglucosamine (core sugars in N-glycosidically 
bound carbohydrate chains) turn over coordi- 
natedly to the protein [2]. Here, we describe the 
identification of the isolated glycoprotein as the 
monomer of dipeptidylaminopeptidase IV (EC 
3.4.14.X) a dimeric glycoprotein of the plasma 
membrane. Our results suggest differently 
glycosylated forms of this enzyme within the cell. 
photometer. Alternatively, the following method 
was used (modified according to [4]): 0.05 ml 
glycyl-prolyl-p-nitroanilide - tosylate solution 
(10 mg/ml H20), 0.005-o. 1 ml enzyme-containing 
solution, add 1.0 ml with 0.1 mol/l Tris buffer 
(pH 8.0). E was measured at 405 nm using a 
Gilford UV/VIS photometer. For routine mea- 
surements the latter method was taken. 
Protein was determined as in [5]. Rat liver plas- 
ma membranes were isolated by the method in [6] 
with some modifications [7] and checked for purity 
as described. Fractionation of plasma membrane 
glycoproteins and isolation of the 110 000 Mr 
glycoprotein were performed as in [l]. SDS gel 
electrophoresis was performed as in [8]. 
2. MATERIALS AND METHODS 
Male Wistar rats (Ivanovas, Kisslegg) weighing 
180-200 g were fed on a commercial diet (Al- 
tromin@, Altromin GmbH, Lage-Lippe), con- 
taining 18-20s of protein, and water ad libitum. 
Antibodies against the 110 000 Mr glycoprotein 
were obtained by immunization of rabbits with the 
purified antigen. The antibodies were enriched 
from the serum by several ammonium sulfate pre- 
cipitation steps. 
All chemicals were analytical grade, obtained 
from E. Merck AG (Darmstadt), Serva (Heidel- 
berg) and C. Roth OHG (Karlsruhe). Calibration 
proteins for electrophoresis, concanavalin (con) A 
-Sepharose, wheat germ lectin-Sepharose and 
protein A-Sepharose were from Pharmacia 
(Freiburg). Glycyl-prolyl-p-naphthylamide was 
obtained from Serva, glycyl-prolyl-p-nitroanilide 
- tosylate from Serva and C. Roth, respectively. 
3. RESULTS AND DISCUSSION 
Dipeptidylaminopeptidase IV (DPP IV) was 
tested as in [3] using a Perkin-Elmer fluorescence 
Fig.1 shows the elution profile of DPP IV ex- 
tracted from rat liver plasma membrane (essen- 
tially as in [l]) on a con A-Sepharose affinity 
column: -95% of the enzyme activity is bound to 
the lectin and eluted with cu-methylmannoside, 
Most enzyme activity bound to con A is bound to 
wheat germ lectin and eluted with N-acetyl- 
glucosamine. The glycoprotein fraction bound to 
con A and wheat germ lectin thus obtained con- 
tains only a few polypeptide bands on SDS gels, 
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Fig. 1. Affinity chromatography of DPP IV on con A- 
Sepharose and wheat germ lectin-Sepharose: (1) The 
Triton X-100 extractable proteins of rat liver plasma 
membrane are fractionated on a con A-Sepharose col- 
umn. Elution conditions as in [I]; bound glycoproteins 
are eluted with 4% (w/v) a-methylmannoside. Abscissa, 
elution volume; ordinate, DPP IV activity measured as 
E/min * ml at 405 nm; (2) The glycoproteins bound to 
con A-Sepharose and eluted with a-methylmannoside 
are fractionated on a wheat germ lectin-Sepharose col- 
umn. Bound glycoproteins are eluted with 4% (w/v) 
N-acetylglucosamine. 
the main band of which is the 110000 Mr 
glycoprotein [ 11. 
Using specific antibodies against the 110 000 M, 
glycoprotein DPP IV can be immunoprecipitated 
from the Triton X-100 extract and the glycoprotein 
fraction bound to con A and wheat germ lectin: 
after incubation of the respective protein fractions 
with increasing amounts of antibody the immu- 
nocomplexes are removed by the addition of pro- 
tein A-Sepharose and centrifugation. Up to 40% 
of the total DPP IV activity can be immu- 
noprecipitated. Our antibodies are directed against 
the denaturated glycoprotein. This fact may ac- 
count for the incomplete immunoprecipitation (fig. 
2). 
If the glycoproteins bound to con A and wheat 
germ lectin are incubated in the sample buffer for 
2 min at room temperature (not boiled!) DPP IV 
activity is preserved during electrophoresis. After 
incubation of the gel in 0.1 mol/l Tris buffer 
(pH 8.0) containing 1 mmol/l glycyl-prolyl-p-ni- 
troanilide - tosylate a yellow band arises corre- 
sponding to active DPP IV at 220 000 M,. Its exact 
localization is achieved by scanning the gel at 
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Fig. 2. Immunoprecipitation of DPP IV by antibodies 
against the 110 000 M, glycoprotein: 0.5 ml glycoprotein 
fraction bound to con A and wheat germ lectin and elu- 
ted with a-methylmannoside and N-acetylglucosamine, 
respectively, are incubated with increasing amounts of 
antibody solution for 12 h at room temperature. After 
addition of protein A-Sepharose (200 ,ul 50% (wet vol./ 
vol.) solution) and incubation for 1 h at room tempera- 
ture the bound immunocomplexes are removed by cen- 
trifugation. DPP IV is measured in the supernatant: 
0.416% Triton X-100 in the incubation mixture; 
10 mmol/l Tris; 150 mmol/l NaCl; 1 mmol/l CaC12; 
1 mmol/l MgCl2 (pH 7.20). In control experiments using 
serum or an immunoglobulin fraction of non-immu- 
nized rabbits no precipitation of DPP IV was obtained. 
405 nm (fig. 3, scan 3). Fig. 3 (scan 2) shows a scan 
of the same gel at 605 nm after staining the poly- 
peptides with Coomassie blue, indicating a coinci- 
dence of the main polypeptide band with DPP IV. 
At 110 000 and 330 000 M, minor bands are detec- 
table. If the same glycoprotein fraction is sepa- 
rated on a SDS gel after boiling in sample buffer 
(our conditions used for the isolation of the 
110 000 M, glycoprotein) the main polypeptide 
band is shifted to 110000 Mr (fig. 3, scan 1). At 
220 000 and 330 000 Mr minor bands can be de- 
tected on this scan. If the active DPP IV localized 
by a 405 nm scan on the gel is eluted and applied 
on a second gel after boiling in sample buffer the 
110 000 M, glycoprotein appears and eventually 
traces of a 220 000 Mr glycoprotein (fig. 3, scan 4). 
The findings are interpreted as follows: the 
active DPP IV consisting of 2 identical subunits 
86 
Volume 147, number 1 FEBSLETTERS October 1982 
,,,I I I I I 
330 220 110 94 67 60 46 36 
relative molecular weight 1 k-Dalton) 
Fig.3. Scans of SDS gels of plasma membrane glycopro- 
teins bound to con A and to wheat germ lectin 
(=glycoprotein fraction TC2W2 [I]) under different 
conditions: (1) glycoproteins boiled in sample buffer of 
electrophoresis (containing SDS and mercaptoethanol), 
stained with Coomassie brilliant blue, scan at 605 nm; 
(2) glycoproteins not boiled, stained with Coomassie 
brilliant blue, scan at 605 nm; (3) glycoproteins not 
boiled, gel incubated with glycyl-prolyl-p-nitroanilide 
- tosylate. The yellow band corresponds to DPP IV, 
scan at 405 nm; (4) SDS gel of DPP IV, eluted from gel 
3, boiled in sample buffer, stained Coomassie brilliant 
blue, scan at 605 nm. 
[3,9-121 conserves on the gel in scan 2 and 3 main- 
ly its active dimeric form and can be stained speci- 
fically using the chromogenic substrate. Only to a 
minor extent is it converted into the inactive 
monomer and probably a trimeric or tetrameric 
aggregate. By boiling in sample buffer containing 
SDS and mercaptoethanol it is converted into the 
monomer which we have isolated previously. 
An identical 405 nm scan is obtained with a SDS 
gel of total Triton X-100 extractable glycoproteins 
under the same conditions as used in fig. 3, scan 2 
and 3 (not shown) indicating that only 1 enzyme 
can convert the chromogenic substrate. This corre- 
sponds to the substrate specilicity of DPP IV as in 
[131. 
Our results clearly prove an identity of the 
110 000 Mr glycoprotein isolated from rat liver 
plasma membrane with the monomer of dipep- 
tidylaminopeptidase IV. This enzyme is a wide- 
spread membrane-bound glycoprotein. So far it 
has been isolated from kidney [3,9,14,15] and liver 
[ 11,12,15]. Furthermore, it occurs in intestinal 
microvilli [ 16,171, T-lymphocytes [ 181, brain [ 131, 
bronchopulmonary lavage fluid [19] and serum 
[20-231. Its biological function remains to be es- 
tablished. Possibly it is involved in dipeptide trans- 
port [24]. 
The turnover of terminal carbohydrates on the 
intact polypeptide suggests a process involving 
partially deglycosylated forms of this glycoprotein, 
which now has been identified as dipep- 
tidylaminopeptidase IV (EC 3.4.14.X). According 
to our working hypothesis this effect reflects the 
action of glycosidases in the lysosomal compart- 
ment and glycosyltransferases in the Golgi com- 
plex during the recycling of DPP IV rather than a 
regulatory cycle of the enzymatic activity. 
ACKNOWLEDGEMENTS 
The work was partly supported by the Deutsche 
Forschungsgemeinschaft, Bad Codesberg, D-5300 
Bonn. 
REFERENCES 
f’rl 
PI 
(31 
141 
iSI 
Kreisel, W., Volk, B.A., Btichsel, R. and Reutter, 
W. (1980) Proc. Natl. Acad. Sci USA 77, 1828- 
1831. 
Volk, B.A., Kreisel, W., Gerok, W. and Reutter, W. 
(1982) in preparation. 
Kenny, A.J., Booth, A.G., George, S.G., Ingram, J., 
Kershaw, D., Wood, E.J. and Young, A.R. (1976) 
Biochem. J. 157, 169-182. 
Nagatsu, T., Hino, M., Fuyamada, H., Hayatawa, 
T., Sakakibara, S., Nakagawa, Y. and Takemoto, T. 
(1976) Analyt. Biochem. 77,466-476. 
Lowry, O.H., Rosebrough, N.J., Farr, A.L. and 
Randall, R.J. (1951) J. Biol. Chem. 193.265-275. 
87 
Volume 147, number 1 FEBS LETTERS October 1982 
[6] Neville, D.M. (1960) Biophys. Biochem. Cytol. 8, [ 171 Skovbjerg, H. (1981) Clin. Chim. Acta 112, 205- 
415-422. 212. 
[7] Bachmann, W., Harms, E., Hassels, B., Henninger, 
H. and Reutter, W., (1977) Biochem. J. 166, 455- 
462. 
[8] Laemmli, U.K. (1970) Nature 227, 680-685. 
[9] Barth, A., Schulz, H. and Neubert, K. (1974) Acta 
Biol. Med. Germ. 32, 1577174. 
[IO] Barth, A., Mager, H., Fischer, G., Neubert, K. and 
Schwarz, G. (1980) Acta Biol. Med. Germ. 39, 
1129-l 142. 
[ 181 Feller, A.C. and Parwaresch, M.R. (1981) J. Cancer 
Res. Clin. Oncol. 101, 59-63. 
[ 191 Orlowski, M., Orlowski, J., Lesser, M. and Kilburn. 
K.H. (1981) J. Lab. Clin. Med., 467-476. 
(201 Hino, M., Fuyamada, H., Nagatsu, T., Kurokawa, 
S. and Okuyama. S. (1976) Clin. Chim. Acta 67, 
1033105. 
[ 1 I] Elofson, J. (1980) J. Biol. Chem. 255,5807-5815. 
[ 121 Elofson, J. (1980) J. Biol. Chem. 255, 5816-5825. 
1131 Orlowski, M., Wilk, E., Pearce, S. and Wilk, S. 
(1979) J. Neurochem. 33,461-470. 
[14] Hopsu-Havu. V.K. and Glenner, G.G. (1966) His- 
tochemie 7, 197-201. 
1211 Hino, M., Fuyamada, H., Hayakawa, T.. Nagatsu, 
T., Oya, H., Nakagawa. Y., Takemoto, T. and 
Sakakibara. S. (1976) Clin. Chim. Acta 22, 1256- 
1261. 
[22] Hutchinson, D.R., Haliwell, R.P., Lockhardt, J.D.F. 
and Parke, D.V. (1981) Clin. Chim. Acta 109. 181- 
187. 
1151 Fukasawa, K.M., Fukasawa, K., Hiraoka, B.Y. and 
Harada, M. (1981) Biochim. Biophys. Acta 657, 
179- 189. 
1231 Fuyamada, S., Hino, M., Nagatsu, T., Ogawa, K. 
and Sakakibara, S. (1977) Clin. Chim. Acta 74, 
177-181. 
[ 161 Sterchi, E.E. (1981) Pediat. Res. 15, 884-885. 
1241 Ganapathy, V., Mendicino, J. and Leibach, F.H. 
(198 1) Biochim. Biophys. Acta 642,38 l-39 1. 
88 
